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Attention: Material Licensing Section Ret 8vCdUY M-
Subject: License Amendment to License #48-13776-01

Gentlemen:

Enclosed are the results of the written and practical examinations
by Daniel Soch, Ronald Wardinski and Dennis Grace. We are hereby
requesting that Daniel Soch and Ronald Wardinski be changed from
Assistant Radiographers to Radiographers, and Dennis Grace be added
to the license as an Assistant Radiographer.

A check for $40.00 to cover the amendment fee is enclosed. Thank
you for your help in this matter.

Sincerely,
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Anthony J. Baures'

Radiation Safety Officer
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Written Examination
for

RADIOGRAPHER

1. The absorption of gamma rays from a given source when passing through
matter depends on:

A the atomic number, density, and thickness of the matter
the Youngs modulus value of the matter.

C. the Poisson's ratio value of the matter
i D. the specific activity value of the source

2. The gamma ray intensity at one foot from a one curie source of radioactive
cobalt-60 is:

OA 14.4 roentgens per hour
B. 1000 roentgens per hour
C. 20 roentgens per minute
D. 10.3 milliroentgens per second, . . , .

3. The cobalt-60 used in non-destructive testing emit:

A. alpha particles
B. neutrons

@ gamma rays
D. X-rays

;

4. The specific activity of an isotope depends on:
|

OA the time the material has been in the reactor
,

B. the atomic number of the material '

C. the gamma ray flux to which it was exposed
i

D. the Youngs modulus value of the material

3.g~ 5. What is the maximum level of radiation allowed at the storage head of the ;
Picker cyclops unit when in the shielded position? j

A. 2 R/ hour.

OB 200 ma/ hourV

C. 35 mR/ day

@ 50 mR/ hour

6. The energy of gamma rays is expressed by which of the following units of
measure:

A. Curie
B. Roentgen |

Half-life.

Kiloelectron volt (kev) or million electron volt (MeV)
7. If one curie of iridium-192 produces a dose rate of 5900 mR per hour at one

foot, how many mR will ten curies produce at the same distance?

A. 590..

B. 590,000
59

*
Control No. 76951
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8. Cobalt-59 becomes cobalt-60 when it is placed in a nuclear reactor
where it captures:

A. an electron
@ a neutron
C. a proton
D. contamination

| 9. Approximately how long would it take for a 10 curie cobalt-60 source to
decay to 2-1/2 curies?

A. 5.3 days
B. 5.3 years

@ 10.6 years
D. None of the above

s.; 10. Cobalt-60 emits gamma rays of:

A. 1.17 and 1.33 MeV
0.66 MeV.

C. 1.09 and 1.29 MeV
D. 1.36 and 2.75 MeV

11. For a particular radioisotope, source strength is proportional to which
of the following?

A. Mass of source
B. Physical size

Atomic weight
Number of curies

12. Which of the following is true for a smaller isotope source of higher
specific activity?

A. Suffers less from self-absorption of its own gamma radiation
B. Less geometric unsharpness in the radiograph
C. Allows shorter source-to-film distances

@ All of the above

13. Distance is an effective means of external radiation protection because:

A. air absorption reduces the radiation intensity
@ radiation intensity varies inversely as the square of the distance
C. X-rays and gamma rays have a finite range '

D. the wavelength of the photons is decreased by their interaction
with matter

14. A radiation level of 100 mR/hr is noted at the perimeter of your posted high
radiation area. This perimeter is 10 feet from the exposed source. Approx-
imately how far away from the source should the radiation area signs be posted
for the 2 mR/hr line. Control No. 76951

A. 40 feet. 2md = tcow/g f - Nf IE
*'

100 feet Y/
2

fD. 1 e e r2 =- .A g .[[y
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15. With appropriate controls, the allowable radiation limits in unrestricted
areas should not exceed:

A. 0.500 rem per calendar year
B. 2 millirems in any one hour

100 millirems in seven consecutive days.

all of the abovei

16. A " leaking" source of radioactive material is considered a potentially
hazardous situation. At what removable activity level is a sealed radio-
graphy source, by regulation, considered to be leaking?,

A. 0.0500 microcuries
[ 0.5000 microcuries.

-

0.005 microcuries
0.0005 microcuries.

r.g
~

17. Sources of radioactive material used for radiography are required by
regulation to be leak tested at intervals not to exceed:

6 months
3 months.

C. 12 months
D. 24 months

18. X-ray photons differ from gamma photons of the same energy only in their:

biological effect
8 origin

interaction.

D. wavelength

q 19. The half-life of a radioactive substance is equal to:

A. . the reciprocal of the disintegration constant
A the average lifetime of an atom in the substance
W the time required for one-half of the original atoms to disintegrate

D. the number of atoms present divided by the rate of decay

20. Survey instruments used to monitor gamma radiation must be capable of
measuring radiation in the range of:

A. 0-2000 mR/hr.
B. 2 mR/hr-10,000 mR/hr.

0-200 mR/hr.
2 mR/hr-1000 mR/hr.

21. A radiation area refers to any area accessible to personnel in which radiation
exists srch that an individual could receive in any one hour a dose exceeding:

A. 2 millirems
B. 100 millirems-

@ 5 millirems
D. 500 millirems Cort-l No. 76951 1
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22. Your radiation survey meter reads 10 mR/ hour How much of a dose will-

be delivered in one minute? .g w n g
- in one hour? gom 4 ,,
- in 40 hours? Aco%

23. You are working with a 75 curie cobalt-60 source. What is the dose rateat 50 feet? iq s 7 C ci toso sk o . oso (,g o - A 2 a,/,

O - 1osoboo
24. Using a cobalt-60 source you measure a dose rate a 5 mR/ hour at 50 feet

from the source. You want to set up a boundary where the dose rate will
be 2 mR/ hour.
2=w k . mL What should the distance from the source to the boundajr -be?,3 s. oP so (n, f, , , , , (3 , ,

,, ,

,
25. If you have acre iable pocket dosimeter you do not also have to have a

film badge?

1 True.

f,;;,4; (!) False

26. You can request that the NRC conduct an inspection of your company if youthink there are safety problems?

True
False.

27. Violations of NRC regulations can result in monetary fines and loss of
your company's license?

@ True
B. False

28. What is the calibration schedule for the survey meters being used with the
cobalt-60 source?3,

'sf
-

A. monthly
semi-annually
quarterly
yearly

..

.

29. Must dosimeters be calibrated per NRC regulation?

hA True -

B. False

30. The last day of 1.he shipping month finds both survey meters inoperable and
only a single exposure is needed to complete a casting that is absolutely
needed. What course of action is acceptable to resolve the situation

._

A. receive permission from the Vice-President works manager to procedeJ. take the exposure being especially careful
(p. shut the facility down
D. consult with the quality assurance manager and proceed.v.

'

.

-.

-

- mm me u i n ''
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3. Describe how the unit will be tested for a power failure condition.
' IWp ose We c ovecc.
i., \Dtick o;( cover o r. d i o, c 1 N ers
3. p o'C he liken eauIred ior U.t. Stuvte i o N eive 10 'lo1he f.iof ed yo9 hon (1- 2 0

32. Describe the method used to test the door interlocks leading to the
cobalt-60 room.Tapzc h source ,4 t.chh surue9 me3ec W kood , vere, n.i

io colo ego M doec, 4orn eo, 010cm sh ov'd sooed , he sooete SWla rekvMr ecen

Ao We. e\oced posh.on (,o't.se<9e - ved t%Li bM Green tig'ed onIs-it the responsibility of the radiographer that all ) signs and labels are33.
in their proper position?

@ True
B. False

34. Which of the following dosimeter ranges is acceptable for industrial radio-
graphy using isotopes?

A. 0 - 200 R
dn.c J. 0 - 5 mR

* @ 0 - 200 mR
D. 1 - 10 R

35. On what form will the record of the final shut down survey be recorded on?

A. Source Order Form 445
B. Quality Inventory Record 447
C. NRC Form #3

@ Source Utilization and Survey Log 448

-36. If a survey meter is out of calibration by two days and a " hot" job comes in
for a single exposure in the cobalt-60 room, it is acceptable to carefully take
the one exposure?

. A. True
tQ @ False

37. Per the requirements of the operating and emergency procedure may isotope
radiography continue with people working on the roof over head?

! True
h False

38. Describe the method used to secure the cobalt-60 area when a roofing contractor
is' working on the roof over the cobalt-60 cell.
Comppy wsaMemane.e. Sope<u's.or shu onseqe Car compteie secomg et, O enr,

'R30 witt cotMyk superv,urce s (g,. gen ko.e weg or g pers,on
R .S. o h it s e c.v e e., o tt t o

isor 6 Waintenance N in n sMe io w ge
39. Who is responsible for.the quarterly maintenance inspection? 1.

wen 4cnoc e supea i<:
'A. maintenance crew Witt ucM(y R,s,0 !

B. radiographer 4 g g g e g ,j
C. maintenance superintendant i

@ radiation safety officer 3.5.0 W M inQo m '

N moiwit u nce coptry.
*b.td 4o one C/Ln Tec
h G reg.
% eyw h nc^ r

'pt oc e $ d ' r ~ W_e,c% r e %.
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40. You have been working as a radiographer for several years and due te
production requirements an assistant radiographer is assigned to you.
Which of the following statements is true?

|

A. the person may work in the cobalt-60 area as long as they have
i a calibrated survey meter
I B. assistant radiographers may not work in the cobalt-60 area

@ assistant radiographers can only work in the cobalt-60 area under
the personal supervision of a radiographer

D. if the person has worked in X-ray they may work in the cobalt-60
ar.ea

41. Which of the following situations contributes most to overexposure accidents
during isotope radiography?

no dosimeter was used
inproper or no survey taken,

A. E. hot weather-

.

D. sudden disintergration of the source

42. Describe the method used to survey the Picker Cyclops unit.

%e, Sueuev me% W tAraea bmulidep undev .We SeMM reedwg is.
Dod,%e. meAte 4 %4ce d on "ocW. Sides o-\ -ut.%eod. he Lucas9 wehewTedWc. cArdL Drop uidsced ows

How often must the leak test' be%d h %urce a w h g(.e .' pAbn43. conducted 7

A. monthly
B. periodically

@ semi-annually
D. when the source is changed

44. When a cobalt-60 exposure has been set up and the exposure started,' what
information should be entered in the source utilization log form 4487h %'4*f PoS"c. '

ddel (oedie}n g4 d
fqgm

*
f "beqrg paie <I

l q,fgy ; %vc g* Y \ kom ro (Q
45. Does the radiographer have the authority to shut down the cobalt-60 area

if he suspects a safety problem?

True
False.

46. If during the course of making a set up the gamma alarm red light comes on,
what should you do?

A. complete the set up
B. go over and hit the gamma alarm on the side, something must be stuck

disregard it
D. leave cell immediately and evaluate the situation from outside

the cell

47. Per the operating and emergency procedure manual, how many dosimeters are
H; to be worn? gg

I. .

_ _ _ _ _ _ _ _ - -
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48. The Picker Cyclops will never be operated at a distance closer than
4 Icci from any wall.

49. What information must be on the survey meter before using it? !AT Co'c e4- C 0 h'tes' '2r. )
~h) $\Gt.h4 Or c $5 C3 1 t 't, c y *, 't , Ccy s.on

s$rNfmekAr s[rNped $[s#h d dn ith it?
'

50. If

w ure.d s o ca & ot room W, w' opnaac and
ekch>ged A ov ox#ner an i dat noi be us,ed
uei re ca%cded.

D & buteADP-&Q Qf)g &
'

lVM Mayl wk .
aE.&W'A A4g, o

Jk&g& &k J L k! /hT*A4PAM@,-m*maa w..

.

& [
'

.

y.n'

G. W

.

.

1
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$; jRonald N. Wardinski

2 ?< c,:f , Qp-

. gjs y has successfidly completed the course: '
.

f[C f " Radiation Safety Aspeds ofIsotope Radiography" : :9 46;d
4g1i n .

'')f Pg
'~
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h '
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URITTEN EXAMINATION *
*

'

for -| , ,e
'

MANUAL OF OPERATING and EMERGENCY
PROCEDURES FOR INDUSTRIAL RADIOGPAPHY

.

1. If a survey meter is accidentally dropped, what should be done with it?

.2 . Under what condition may a radiographer or assistant radiographer work
without a dosimeter?

,

3. The exposure device will never be operated at a distance closer than
from any wall.

:

4e ~Before maintenance personnel are admitted to radiation areas, what
procedure is to be followed? ,

,5. What items are to be checked at the beginning of each days work and
recorded on the appropriate form?

<6. How many MR will a dosimeter record? >"

7. If tha exposure device should malfunction, may the radiograp'aer repair
the device?

8. What frequency is leak testing done?
-

S. What information must appear on a survey meter before using it?

'10. Uhtt level of radiation is acceptable 6 inches from any exterior surface
-of the exposure device?

^

-
,

. .11. What 1chel shall appear on each device containing sealed byproduct material?'

I 12. What sealed sources is Waukesha Foundry Co. licensed to use?
.

.13 . What is to be done when a survey meter becomes inoperabic?
..

14. How tcany dosimeters must a radiographer wear during radiographic operations?

15. When the " Daily Inspection and Maintenance" procedure is being conducted,
how is power failure simulated?

,
- .

16. What are the duties and responsibilities of the re.diographer?

-17. Who does the radiographer directly report to? .

.18. What procedure must be followed at the end of radiographic operations'

cach day?

{ .19. Must a radiation survey be taken' before every radiographic exposure?
I

I 20. Where is the radiographic restricted area lobated?
.

.

i
8

.

- - - - . _ _ _ _ _ _ . . _ _ _ _ _ A
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21. The keys to the Picker Cyclops are under whose direct control?

22 How often will dosimeters be phecked by the radiographer during radiographic
operations? .

23. Does the replacement of bateries in a survey meter require recalibration?

24. How many rem per year are allowed for a whole body dose?

'25. How often are the films for the film badge monitering system to be changed?

'
.

Minimum passing grade 80%'

:. . Answers on separate paper.
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USNRC Requirements.

Written Examination
for

RADI0GRAPHER

1. The absorption of ganna rays from a given source when passing through
matter depends on:

-@ the atomic number, density, and thickness of the matter
B. the Youngs modulus value of the matter
C. the Poisson's ratio-value of the matter
D.- the specific activity value of the source

2. - The gamma ray intensity at one foot from a one curie source of radioactive
cobalt-60 is:

14.4 roentgens-per hour
'1000 roentgens per hour.

C. -20 roentgens per. minute
Wi;;p . D. -10.3 milliroentgens per second

,

3.- The cobalt-60 used in non-destructive testing emit:

A. alpha particles
B. neutrons

@ gamma rays
U. X-rays

4. The specific activity of an isotope depends on:

/ @ the time the material has been in the reactor' @ the-atomic number of the material
C. the-gamma ray flux to which it was exposed
D .- the Youngs modulus value of the material

T;g" ,~ 5. What is the maximum level of radiation allowed at the storage head of the
Picker cyclops unit when in the shielded position?

A. 2 R/ hour-
200 mR/ hour.

. . :35 mR/ day-
D. 50 mR/ hour

'6. The energy of gamma rays is expressed by which of the following units of
measure:

h .' Curie'

- B. Roentgen
C. Half-life

@ Kiloelectron volt (kev) or million electron volt (MeV)
7. 'If one curie of iridium-192 produces a dose rate of 5900 mR per hour at one

foot, how'many mR will ten curies produce at the same distance?

A. 590u
*

B. 590,000 ,

'

C. 59

Q 59,000

.-. . _ _
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8. Cobalt-59 becomes cobalt-60 when it is placed in a nuclear reactor
where it captures:

/ @2 an electron
t/ CB a neutron

C. a proton
D. contamination

9.. Approximately how long would it take for a 10 curie cobalt-60 source to
decay to 2-1/2 curies?

A.- 5.3 days
B. 5.3 years

@ 10.6 years
U. None of the above

10.- Cobalt-60 emits gamma rays of:,,

1.17 and 1.33 MeV
0.66 MeV
1.09 and 1.29 MeV.

D. 1.36 and 2.75 MeV

11. For a particular radioisotope, source strength is proportional to which
of the following?

'A. Mass of source
B. Physical size
C. Atomic weight
g Number of curies

12. Which of.the following is true for a smaller isotope source of higher,'

. y;; . specific activity?
<

A. Suffers less from self-absorption of its own gama radiation
B. Less geometric unsharpness in the radiograph
C. Allows shorter source-to-film distances

O All of the above

13. Distance is an effective means of external radiation protection because:

A. air absorption reduces the radiation intensity
@ radiation intensity varies inversely as the square of the distance
G. X-rays and gama rays have a finite range
D. the wavelength of the photons is decreased by their interaction

with matter

14. A radiation level of 100 mR/hr is noted at the perimeter of your posted high
radiation area. This perimeter is 10 feet from the exposed source. Approx-
imately how far away from the source sh uld t[e radiation area signs be posted
for the 2 mR/hr line. pg }

e g

3 ,/g .9.9.r"A. 40 feet 0
100 feet 2--

-f
-

foo y sc>70 feet ' , ,e M g- 4 _) T
_,

125 feet F 's, sooo Ce.

t' .A - i
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15. With appropriate controls - the allowable radiation limits in unrestricted
areas should not exceed:

A. 'O.500 rem per calendar year
@- 2 millirems in any-one hour\. 100 millirems in seven consecutive days

all of the above

16. A " leaking" . source of radioactive material is considered a potentially
hazardous situation. At what removable activity level is a sealed radio-
graphy source, by regulation, considered to be leaking?

A. 0.0500 microcuries
8.' O.5000 microcuries

@ 0.005 microcuries
D. 0.0005 microcuries,.

${;
-

.17. Sources of radioactive material used .for radiography are required by
regulation to be leak tested at intervals not to exceed:

@ 6 months-

B. 3 months
C. 12 months
D. 24 months

18. X-ray photons differ from gamma photons of the same energy only in their:

1 biological effect
~

G. origin
C. . interaction
D. . avelengthw

hy 19. The half-life of a radioactive substance is equal to:

A. the reciprocal of the disintegration constant
8. the average lifetime of an atom in the substance

the time required for one-half of the original atoms to disintegrate
the nuniber of atoms present divided by the rate of decay-

.

20. Survey instruments used to monitor gama radiation must be capable of
measuring radiation in the range of:-

k 0-2000 mR/hr.
B. 2 mR/hr-10,000 mR/hr.

0-20C mR/hr.
2 mR/hr-1000 mR/hr.

21 . A radiation area-refers to any area accessible to personnel in which radiation
exists such that an individual could receive in any one hour a dose exceeding:

A. 2 millirems
B. 100 millirems..

@ 5 millirems
D. 500 millirems Contrcl No. 76951

i
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22. 'Your radiation survey meter reads 10 mR/ hour. How much of a dose will
be delivered in one minute? . l@mk Dbse.r_ to
- in one hour? Ib me- ng/p y g kv
- in 40 hours? qood * ' @ V 0 " "~

23. You are working with a 75 curie cobal -6 What is theat 50 feet? .et. 9/g D = 0. .rg tource.9 _ 7ref. x 8$ ge rate
-

, y (___

24. Using a cobalt-60 source you measure a dose rate at 5 mR/ hour at 50 feet
from the source. You want to set up a boundary where the dose rate will *
M 9 mR/ our.

What sho ld th,e distance from the sourhctothegundarybe?
e

} a ns9-/h, =ren RA.- oj*)=0.14 .

'25. If you have a re iable pocket dosimeter you do not also have to have a
-

film badge?

L True
%lg (jp False'

26. You can request that the NRC conduct an inspection of your company if you
think there are safety problems?

@ True
B. False

27. Violations of NRC regulations car. result in monetary fines and , loss of
your company's,iicense?

,

hA True r

B. False
.

28. What is the calibration schedule for the survey meters being used with the
cobalt-60 source?

[!Is# ,

A. monthly
semi-annually.

C quarterly
yearly.

29. Must dosimeters be calibrated per NRC regulation?

(C) True N
B. False

- -

-30. The last day of'the shipping month finds both survey meters inoperable and
only a single exposure is needed to complete a casting that is absolutely
needed. What course of action is acceptable to resolve the situation

A. receive permission from the Vice-President works manager to procedeg. take the exposure being especially careful
U;J shut the facility down

D. consult with the quaTity assurance manager and proceed
m,.

. - -..--.._m . . , _ _ , , , - _ . ,, . - - , , . - . , _ . . . , . , . , ,, _m. - - . _-
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31. Describe how the unit will be tested for failure c ndition.m & e 6 M,a power %'.hJm T M ces,

.

x -{4.~ok d JLJ dby . t.c rDA.W,& A 6 - ~
-

M' .M ovv32. DescrYbe the method used to test the door interlocks le ing to the
s

ggt< 'g y 3 %_ il jM %
m.

gg UM 3Q33. p hO
o s.bi M y ,o b D iographer That a igns a[nd labels are

' ^-- '-

Is Y the re
in their proper position? qw
h True
B. False

.

?
. 34. Which of the following dosimeter ranges is acceptable for industrial radio-

-

graphy using isotopes?

: A. 0 - 200 R
1 li .;i B. 0 - 5 mRj'

'

OC 0 - 200 mR'

. U. 1 - 10 R

35. On what' form will the record of the final shut down survey be recorded on?;

A. Source Order Form 445
B. Quality Inventory Record 447 -

;
NRC Form #3.

Source Utili;:ation and Survey Log 448
- 36. If a survey meter is out of calibration by two days and a " hot" job comes in
- for a single exposure in the cobalt-60 room, it is acceptable to carefully take

the one exposure? g
A. True,,

.- 1 O False

37. Per the requirements of the operating and emergency procedure may isotope-

radiography continue with people working on the roof over head? d o,

i L. True
; G) False
t

38. Describe the method used to secure the cobalt-60 area when a roofing contractor'

is"" $ w. working on the roof over the cobalt-60 cell.A' . -m-gn Qe an %

S ^ f g b: ~ ' * M
7

| M -

.

,

kons r T quarter y aYnfe et on?
5

! A. maintenance crew 1 Y
= B. radiographer
e C. maintenance superintendant
-

@ radiation safety officer
;-
=

,-

r

- ,, ..
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40. You have been working as a radiographer for several years and due te
production requirements an assistant radiographer is assigned to you.
Which of the following statements is true?

g A. the person may work in the cobalt-60 area as long as they have
a calibrated survey meter
assistant radiographers may not work in the cobalt-60 area.

assistant radiographers can only work in the cobalt-60 area under
the personal supervision of a radiographer

D. if the person has worked in X-ray they may work in the cobalt-60
ar.ea

41. Which of the following situations contributes most to overexposure accidents
during isotope radiography?

no dosimeter was used
inproper or no survey taken. . .

[.'g C. hot weather
"

D. sudden disintergration of the source

42. Descr be the method used to survey the Picker Cyclops unit. .

.

s._ Aux.w_. ,

~ ~*3. fiow often must the leak test be c ducted?
' w

A. monthly
B. periodically

@ semi-annually
D. When the source is changed

44. When a cobalt-60 exposure has been set up and the exposure started, what

fNpc m a $"M N, "hb "E"Lh. D *
g- e

S & _s ' d M w.m u, m_ _2
-

y w. I,

45. ,Does the radiographer have the authority to shut wn the cobalt-60 area
if he suspects a safety problem?C w

@ True
B. False

46. If during the course of making a set up the gamma alarm red light comes on,
what should you do?'

A. complete the set up
B. go over and hit the gamma alarm on the side, something must be stuck
L. disregard it

GM leave cell imediatel3 and evaluate the situation from outside
the cell

,47. Per the operating and emergency procedure manual, how many dosimeters are
"i to be worn? g,

'l6951e .... a N o.

- - _
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Th Picker C
l) ps will never be operated at a distan:e closer than1.

M from any wall.
( '' \\
What informatf 6) must be on the survey meter before using it?49.

app g as, n ,.o d e

%_' h &50. 'If a survey ter is dro hat should be done with it?
. - . .

Q w .Mw & WMA 4%=gk & & &wm
A M &M A A

-

0% % && L/Au.
'

sf fwaAm
W Y- .

a-a iL /M A
08 Y( ,

'

Ct.k.

s ,.
u

t.
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